The target molecules bisphosphates of bis-3-chloro-4-oxoazetidin system (8a-g) were synthesized by reacting (2R,3R)-N 1 , N 4 -bis (2-(4-substituted phenyl)-3-chloro-4-oxoazetidin-1-yl)-2,3-dihydroxysuccinamide (6a-e) with different bis/di(alkyl)chlorophosphates (7a-c) in the presence of Et 3 N in dry toluene / THF solvent mixture. Bis-3-chloro-4-oxoazetidin system was obtained from optically active diethyl tartarate (1). Its hydrazide (3) on reaction with 4-substituted benzaldehyde gave benzylidene derivatives (4a-e) which were further allowed to undergo condensation with chloroacetyl chloride in triethylamine and dry 1,4-dioxane to afford (6a-e). The structure of these newly synthesized products (8a-g) were confirmed from their IR, 1 H-NMR, 13 C-NMR, 31 P-NMR and Mass Spectral data. The antimicrobial activities of these compounds (8a-g)
Introduction
For the discovery of new drugs, molecular modification to the lead compound is the major approach. This is associated with adding new moieties to a parent lead compound or by substitution or elimination making a gradual change in the physicochemical properties and thus in the biological activities of parent lead compound.
It is clear from the literature that tartaric acid and its derivatives are widely available, frequently used and are inexpensive chiral compounds [1] which play key role in the development of numerous bioactive organic molecules. [2] Similarly azetidinone or β-lactams represent an important class of four member heterocyclic compounds because some of their derivatives are potent antibiotics and antibacterial agents. [3, 4] Chloro substituted azetidinones exhibit powerful antimicrobial, [5] [6] [7] [8] anti-inflammatory, [9] anti convulsant [10] and antitubercular activities. [11] These derivatives also act as enzyme inhibitors and are effective on central nervous system. [12] Recent developments on the modifications of β-lactam ring revealed that they also have moderate activity against several types of cancers. [13] On the other hand, phosphate esters represent an important class of organic compounds [14] which play a crucial role in the metabolism of proteins, carbohydrates and lipids besides their other biochemical reactions. [15, 16] Along with their significance in enzyme catalyzed reactions, [17] [18] [19] phosphate derivatives are used as pro drugs to enhance the bioavailability of drugs. [20] These phosphate derivatives also act as important intermediates in synthetic organic chemistry. [21] Because of their synthetic value and wide range of pharmacological activities herein, we report the synthesis of some novel bisphosphate derivatives with bis-3-chloro-4-oxoazetidin system. The antimicrobial activity of these compounds was evaluated.
Materials and Methods
All chemicals used in the present investigation were purchased from SigmaAldrich Chemicals Company, Inc. USA, and used without further purification. TLC was performed on aluminum sheet of silica gel 60F 254, E-Merk, Germany using iodine as 
General procedure for the synthesis of (4R,5R)-diethyl-2,2-dimethyl-1,3-dioxolane-4,5-dicarboxylate (2)
To a solution of (2R,3R)-diethyl-2,3-dihydroxy succinate (1) (7.5 g, 45.5 mmol) in toluene (100 ml) 2,2-dimethoxypropane (8.0 g, 95.6 mmol) and p-TsOH (5 mol%) were added. The reaction mixture was stirred at 60-70 0 C for 1.5 h. [22] After azeotropic distillation (toluene-methanol) with a Vigreux column (15 cm) at 64 °C, the reaction mixture was stirred for 4 h and it was left overnight at room temperature. To the reaction mixture, K 2 CO 3 (1.05 g) was added and the mixture was stirred for 1 h at room temperature. After filtration and concentration, the crude product (purity 86% by GC)
was distilled under vacuum at 115-122 °C (2-3 mm/Hg). The yield of the product (4R, 
Synthesis of (4R,5R)-2,2-dimethyl-N

4
,N
-bis(4-substituted benzylidene)-1,3-dioxolane -4,5-dicarbohydrazide (4).
In a typical example, a mixture of (4R,5R)-2,2-dimethyl-1,3-dioxolane-4,5-dicarbohydrazide (3) (0.02 mol) and benzaldehyde (0.04 mol) were refluxed in methanol containing a catalytic amount of glacial acetic acid for 5 h. [25, 26] 
Synthesis of bis/di(alkyl)chlorophosphates (7)
Bis/di(alkyl)H-phosphonate (RO) 2 P(O)H in dichloromethane on chlorination gives bis/di(alkyl)chlorophosphates. [27, 28] Thus, into a solution of the bis/di(alkyl)Hphosphonate (20 mmol) in dry methylene chloride (50 ml), chlorine gas was bubbled till the yellow color persisted. The reaction mixture was then allowed to warm to 30 10-12 h and kept for one day at room temperature. [29, 30] The triethylamine hydrochloride precipitate formed was filtered and washed several times with dry 1,4-dioxane. The solvent was removed in a rotaevaporator from the filtrate and was concentrated under reduced pressure. The crude product obtained was recrystallized
Bis(2-chloroethyl)chlorophosphate (7b)
Yield 61%, m.p. 180-182 ºC; IR (KBr) cm 
Yield 65%, m.p. 158-160 ºC; IR (KBr) cm 
-bis(2-(4-bromophenyl)-3-chloro-4-oxoazetidin-1-yl)-2,2-dimethyl-1,3-dioxolane-4,5-dicarboxamide (5d)
Yield 73%, m.p. 204-206 ºC; IR (KBr) cm 
Yield 76%, m.p. 214-216 ºC; IR (KBr) cm General procedure for deprotection [31, 32] To the solution of the corresponding (4R,5R)- 
-bis(2-(4-bromophenyl)-3-chloro-4-oxoazetidin-1-yl)-2,3-dihydroxy succinamide (6d)
Yield 75%, m.p. 186-188 ºC; IR (KBr) cm 
-bis(2-(4-nitrophenyl)-3-chloro-4-oxoazetidin-1-yl)-2,3-dihydroxy succinamide (6e)
Yield 75%, m.p. 194-196 ºC; IR (KBr) cm 
Synthesis of ((2R, 3R)-1,4-bis((2-(4-substituted phenyl)-3-chloro-4-oxoazetidin-1-yl) amino)-1,4-dioxobutane-2,3-diyl) bis(diethyl/2-chloroethyl/2,2,2-trifluoroethyl phosphate) (8a-g)
The azetidin-4-one system (2R,3R)-N 1 ,N 4 -bis(2-phenyl-3-chloro-4-oxoazetidin-1-yl)-2,3-dihydroxy succinamide 6(a) (0.01 mol) and Et 3 N (0.01 mol) in 20 ml of dry toluene was added drop-wise to an ice cold solution of diethylchlorophosphate (7a) in dry THF. After the addition, the reaction mixture was stirred at room temperature for 1h and then at 55 0 C for another 4 h. Reaction progress was monitored using thin layer chromatography. After completion of the reaction, the mixture was slowly cooled to room temperature, then solid triethylamine hydrochloride was filtered off and the solvent was removed under reduced pressure. [33] The residue was purified by column chromatography on silica gel using ethyl acetate: hexane (1:9) procedure was adopted to synthesize (8b-e) from (6b-e) and diethylchlorophosphate
(7a).
The above reaction of (6a) with diethylchlorophosphate (7a) has been extended with bis(2-chloroethyl)chlorophosphate (7b) and bis(2,2,2-trifluoroethyl)chlorophosphate (7c) to give (8f) and (8g) respectively.
The Structure of these newly synthesized compounds (8a-g) was characterized
by their elemental analysis and spectral data ( 
((2R,3R)-1,4-bis((2-phenyl-3-chloro-4-oxoazetidin-1-yl)amino)-1,4-dioxobutane-2,3-diyl)bis(diethylphosphate) (8a)
Yield 58%, m.p. 147-149 ºC; IR (KBr) cm 
((2R,3R)-1,4-bis((2-(4-methylphenyl)-3-chloro-4-oxoazetidin-1-yl)amino)-1,4-dioxobutane-2,3-diyl)bis(diethylphosphate) (8b)
Yield 51%, m.p. 154-156 ºC; IR (KBr) cm 
((2R,3R)-1,4-bis((2-(4-chlorophenyl)-3-chloro-4-oxoazetidin-1-yl)amino)-1,4-dioxobutane-2,3-diyl)bis(diethylphosphate) (8c)
Yield 63%, m.p. 160-162 ºC; IR (KBr) cm 
((2R,3R)-1,4-bis((2-(4-bromophenyl)-3-chloro-4-oxoazetidin-1-yl)amino)-1,4-dioxobutane-2, 3-diyl)bis(diethylphosphate)(8d)
Yield 65%, m.p. 179-181 ºC; IR (KBr) cm 
((2R, 3R)-1,4-bis((2-(4-nitrophenyl)-3-chloro-4-oxoazetidin-1-yl)amino)-1,4-dioxobutane-2,3-diyl)bis(diethylphosphate) (8e)
Yield 71%, m.p. 195-197 ºC; IR (KBr) cm 
((2R,3R)-1,4-bis((2-phenyl-3-chloro-4-oxoazetidin-1-yl)amino)-1,4-dioxobutane-2,3-diyl)bis(di(2-chloroethyl)phosphate) (8f)
Yield 60%, m.p. 152-154 ºC; IR (KBr) cm 
Results and discussion
The synthesis of bisphosphates of bis-3-chloro-4-oxoazetidin system (8a-g) was In the second stage, the intermediates (6a-e) were reacted with various bis/di(alkyl)chlorophosphates (7) in dry toluene in the presence of triethylamine to obtain the title compounds (8a-g) in good yields (Scheme 4). The triethylamine hydrochloride formed in the reaction being insoluble in toluene was separated by filtration. The crude products obtained after removing the solvent under reduced pressure in rotaevaporator were purified by column chromatography over silica gel using ethyl acetate:hexane (1:9) as eluent to afford the pure compounds (8a-g). These compounds have the melting point in the range 147-198 ºC, the yields were in the range of 51-70%.
The infrared spectral study for all the title compounds has been conducted to confirm the presence of functional groups assigned to them. All these compounds showed the characteristic absorption bands P=O in the region 1240-1260cm -1 confirming the presence of phosphoryl group in them. Two absorption bands in the region 800-850 cm -1 and 1000-1060 cm -1 confirmed the presence of (P-O-C aliphatic )
system in these compounds. 
Biological Screening
The invitro antimicrobial activity of these newly synthesized compounds was performed according to the disk diffusion method [34] , as recommended by the National Committee for Clinical Laboratory. [35] The synthesized compounds were used at the concentrations of 250 μg/ml and 500 μg/ml using DMF as a solvent.
Antibacterial activity
The antibacterial activity of ((2R,3R)-1,4-bis((2-(4-substituted phenyl)-3-chloro-4-
roethyl phosphate) (8a-g) was screened against Staphylococcus aureus (gram positive) and Escherichia coli (gram negative) organisms. [36] The culture strains of bacteria were maintained on nutrient agar slant at 
Antifungal activity
The antifungal activity of ((2R,3R)-1,4-bis((2-(4-substituted phenyl)-3-chloro-4-oxoazetidin-1-yl)amino)-1,4-dioxobutane-2,3-diyl)bis(diethyl/2-chloroethyl/2,2,2-trifluoroethyl phosphate) (8a-g) was screened against Aspergillusniger, Candida albicans. 
CONCLUSIONS
Herein, we reported the resourceful process for the synthesis of novel bisphosphate derivatives with bis-3-chloro-4-oxoazetidin system. The antimicrobial activity of these compounds was evaluated and compared with reference standards. It was found that the compounds having chloro, bromo and nitro substitution along with the azetidinone systems exhibited good antibacterial and antifungal activity. Hence, these novel compounds may act as leads for further investigations.
